Annotation. In this paper the analogues of the Lorentz transformations for non-inertial reference frames have been obtained. A common case when the movement speed of one coordinate frame in relation to another one can have time derivatives of higher orders. The obtained transformations conserve invariance of the space-time interval, and in the particular case of inertial frames become the well-known Lorentz transformations.
, ct  will have a non-linear law of transformation at the transition from one coordinate system to another [9] . The nonlinearity is caused by the presence of acceleration and accelerations of higher orders, which leads to consideration of non-inertial frames.
Consideration of non-inertial frames is usually performed in the framework of the General relativity [10] [11] [12] [13] . However, the special relativity includes such possibility as well [14] [15] [16] . As it is known in the special relativity at the transition from one inertial coordinate frame 
K
Vt allows one to mathematically rigorous consider not only the case of uniformly accelerated motion, but also the general case of accelerated motion, containing time derivatives of all orders.
As the Lorentz transformations are the generalization of the Galilean transformation, §1 deals with the generalized Galilean transformation for non-inertial frames.
§2 presents the analogue to the Lorentz transformations for non-inertial frames in differential form basing on the generalized Galilean transformations from §1. To derive these transformations the condition of invariance of the space-time interval is used. In the particular case of the inertial reference frame ( 00 ... vv     ) the received transformations become the famous Lorentz transformation. §2 also provides the conclusion of the transformation law of velocities in the case of non-inertial reference frame, which in the particular case of the inertial reference frame becomes the transformation law of velocities known in the special relativity. Similarly it is possible to obtain transformation laws of acceleration and the acceleration of higher orders.
§3 presents an example of the vibrating system, where velocities are compared with the speed of light, thus there is acceleration. The simplest example of such systems can be ring accelerators, or atomic structures [17] . It was found that time in such systems is connected with the amplitude of oscillations. So, while considering the oscillations described by the sine-Gordon equation [18] [19] [20] , the period (time) depends on the amplitude of oscillation. The same situation occurs at speeds close to the speed of light, as a result, time in the accelerated system flows slower. At low amplitude of oscillations, the sine-Gordon equation becomes the linear equation, so the period (time) does not depend on the amplitude of oscillations. In this case, there is the classical Newton mechanics, and time in all systems flows equally. As the solution of the sineGordon equation are expressed through elliptic functions having amplitude k as parameter [21] [22] [23] [24] [25] [26] , at the transition from non-relativism to relativism, amplitude k changes from 0 to 1. A similar situation, as it is known, takes place for solutions of the sine-Gordon equation, when functions of elliptic sine and cosine are transferred into the corresponding trigonometric functions, and the pendulum can be considered as mathematical one. In the particular case of the inertial frame, with the Lorentz transformation laws the amplitude was k v c
. § 1. Galilean transformations for non-inertial reference frames In the case of inertial reference systems, the movement of the coordinate frame 2 K in relation to the coordinate frame Let us consider the case where the coordinate frame moves along a smooth (analytical trajectory) is relation to the coordinate frame 
where constant values 00 , ,... vv correspond to the initial acceleration and the initial acceleration of a higher order. A particular case of expression (2) 
At a random moment of time expression (4) is the following:
The validity of (5) .
Substituting the expressions of the coordinates into the space-time interval (8) instead of coordinates R through coordinates r using the generalized Galilean transformation (6) and obtaining the conditions under which the space-time interval will remain invariant.
.
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Next, identifying the full square in expression (12), and we obtain: 22  2   2  2   2   2  2  22  2  2  2  2  2  2  2  2 ,, 1.
Note that the space-time interval (8) or (13) consists of two parts: positive and negative one. The positive part corresponds to the time value and a negative -to coordinate space. Therefore, we introduce new variables: 22  2   2  2   2  2  det  det  2  2   2  2  2  2  2  2  2 ,, 1 , .
Then the expression for the space-time interval (13) with (14) takes the form:
As a result, two consecutive transformations (6) and (14) leave the metric forminvariant. Let us substitute expressions (6) into (14), and we obtain: , .
Simplifying expressions (16) and (17) . Let us bring expression (16) to a common denominator, and we get: 2  2  2  2   22   22  2  2  2  2  2   22  2  22 1, ,
Let us introduce the designation:
Then (18) takes the form:
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Note that the first two summands in expression (21) can be presented in the following way: 
Therefore, expression (17) is rearranged in the form: 
As a result, we obtain the expression: , .
Making the integration in (26), we obtain the final form of the classic Lorentz transformations for inertial frames:
Obtaining the ratio for converting of speeds. 
Expression (29) defines the velocities transformation law for non-inertial frames. A similar method can be used for obtaining the transformation for acceleration and for acceleration of higher orders.
Note that expression (29) in the case of inertial frames ( (30) §3 Example of the vibrating system As we have obtained the transformation of coordinates for the arbitrary accelerated motion (20) , (24), we can consider a famous the twin paradox [27] [28] [29] [30] [31] [32] without any assumptions
